Aim: The Geriatric Nutritional Risk Index (GNRI) was developed to assess the nutritional risk and is associated with mortality. However, there are limited reports on the relationship between the GNRI and overall survival (OS) in peripheral artery disease (PAD). Therefore, the purpose of this study was to examine the relationship between GNRI and OS and cardiovascular or limb events in patients with PAD.
Introduction
Patients with peripheral artery disease (PAD) are complicated with diabetes mellitus (DM), chronic kidney disease (CKD), or other risk factors and may experience extensive and severe systemic atherosclerosis that causes mortality due to coronary artery disease (CAD) and ischemic stroke [1] [2] [3] [4] . We previously reported that a low body mass index (BMI) is an independent predictor for all-cause mortality in patients with PAD 3) . The mortality rates for different levels of BMI follow a J-shaped curve, with cardiovascular mortality showing a tendency for a bimodal distribution with peaks at lower and higher BMI.
Copyright©2019 Japan Atherosclerosis Society This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License. min (g/dL) 41.7 (present body weight/ideal body weight). If the patient's body weight exceeded the ideal body weight, the present body weight/ideal body weight was set to 1. The ideal body weight was defined as the value calculated from height and a BMI of 22 kg/m 2 , instead of the value calculated using the Lorentz formula in the original GNRI equation 9, 14) . The patients were divided into four groups according to the GNRI: G0 (no risk, 98), G1 (low risk, 92-98), G2 (moderate risk, 82-91), and G3 (high risk, 82) 8, 15) .
Drug Administration and Treatments
All patients took at least one antiplatelet agent, and those with intermittent claudication initially received exercise rehabilitation and medication for more than three months. Oral aspirin, clopidogrel, or ticlopidine was administered, and an oral drug for the treatment of claudication (cilostazol, beraprost, or sarpogrelate) was added to exercise therapy. Drugs for other conditions were added as needed. Medications that continued for over three months or administered for more than three months before death were classified as drug treatment.
Data Analysis and Endpoints
Patients were followed up at one, three, and six months after treatment and evaluated at four-or sixmonth intervals at hospital visits. Vital signs and medication regimens were assessed using medical records and written questionnaires for quality of life completed at the Foot Care Club in our hospital or in response to an invitation letter 3, 7, 16) . An invitation to the meeting and a questionnaire were sent to each patient once a year. Through this club, we organized educational meetings to provide lectures on exercise programs, foot care, and new medical trends.
Myocardial infarction was defined as described previously 16, 17) . Ischemic stroke was defined as the presence of a new focal neurological deficit lasting 24 h or more. Brain magnetic resonance imaging/computed tomography was required to confirm stroke. Transient ischemic attack (TIA) was defined as the presence of a new focal neurological deficit lasting less than 24 h. Limb revascularization was performed in cases with worsening symptoms and progression or restenosis of the lesion. Restenosis after revascularization was defined as a decrease in ABPI of ≥ 0.15 and ≥ 50% stenosis on angiography or duplex ultrasonography 16, 18) . Major amputation was defined as "abovethe-ankle amputation."
The endpoints were overall survival (OS), freedom from major adverse cardiovascular events (MACE: all-cause death, nonfatal myocardial infarc-has not been defined. Thus, the purpose of this study was to evaluate the clinical significance of GNRI for these events in patients with PAD.
Patients and Methods

Patients
The subjects were patients with PAD who were referred to the Cardiovascular Hospital of Central Japan (Kitakanto Cardiovascular Hospital) between January 1, 2001, and November 31, 2018. Prior to the start of the study, the patients received a full explanation of the examination methods and provided written informed consent. The study protocol was approved by the Medical Ethical Committee of the Cardiovascular Hospital of Central Japan. All patients had an ankle-brachial pressure index (ABPI) of 0.90 at their first visit. The final diagnosis of PAD was based on clinical symptoms and iliac or femoropopliteal artery stenosis of ≥ 70% on angiography or ultrasound. The clinical stages of PAD were classified using the criteria of the Inter-Society Consensus for the Management of Peripheral Arterial Disease 1) .
Clinical and Laboratory Analysis
Clinical data were obtained by review of primary data for age, ABPI, BMI, DM, smoking history, and hypertension. Blood was collected during fasting in order to determine the albumin, creatinine, total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglyceride, glucose, D-dimer, and C-reactive protein (CRP) levels. Hypertension was defined as blood pressure of ≥ 140/90 mmHg recorded at least twice or intake of antihypertensive agents. DM was defined as a fasting plasma glucose level of 126 mg/dL for at least two measurements or a requirement for antidiabetic therapy 12) . The estimated glomerular filtration rate (eGFR) was obtained using the Modification of Diet in Renal Disease equation for creatinine, as modified by the Japanese Society of Nephrology: eGFR (mL/min/1.73 m 2 ) 194 (serum creatinine) 1.094 (age) 0.287 ( 0.739 if female) 13) . In patients on hemodialysis, the serum creatinine level just before the hemodialysis was used to obtain the eGFR. An electrocardiogram and echocardiography were recorded in all patients. CAD was defined as a treatment history or a positive sign in coronary angiography or stress/rest myocardial perfusion scintigraphy.
Assessment of GNRI
Baseline GNRI was calculated from serum albumin and BMI obtained at the first hospital visit, using the following formula 8) : GNRI 14.89 serum albu-GNRI were older and had lower levels of ABPI, BMI, albumin, eGFR, total cholesterol, LDL-C, and triglyceride and higher levels of CRP and D-dimer. In patients with normal GNRI ( 98), the prevalence of critical limb ischemia (CLI), stroke, TIA, and hemodialysis was lower, and that for CAD and the revascularization rate were higher.
All-Cause Mortality
The cumulative three-, five-, and ten-year OS rates in all patients were 78.8, 67.9, and 43.9%, respectively. These OS rates showed significant differences among GNRI levels (all p 0.001) ( Fig. 1) . The cumulative five-year OS rates were 80.8% for G0, 62.0% for G1, 40.0% for G2, and 23.3% for G3. In univariate analyses, age, ABPI, GNRI, lower eGFR, higher CRP and D-dimer, history of stroke or TIA, and CLI were significantly associated with OS ( Table  2) . Revascularization or treatment with statins or aspirin improved mortality. In multivariate analyses, age, ABPI, GNRI, levels of eGFR and CRP, and prevalence of CLI were significantly related to OS, and statins also improved OS.
MACE and MACLE
MACE and MACLE showed significant differences between the patients with normal and lower GNRI (Fig. 2) . In multivariate analyses, age, ABPI, CAD, DM, GNRI, and levels of eGFR and CRP were independent factors associated with MACE ( Table 3) , and age, ABPI, CAD, DM, GNRI, and levels of eGFR and CRP were independent factors associated with MACLE ( Table 4 ). Statins were found to reduce MACE and MACLE.
GNRI as a Predictor of Life Expectancy and Cardiovascular or Limb Events
Differences of the C-index and NRI of the baseline models with or without GNRI, albumin level, or BMI for OS, MACE, and MACLE are shown in Table 5 . GNRI was a significant risk factor improving the C-index for OS, MACE, and MACLE. NRI improved significantly after adding the GNRI to the baseline model, beyond the baseline model plus BMI or albumin level in OS, MACE, and MACLE.
Correlations among GNRI and Other Risk Factors
Correlations among GNRI and other risk factors were analyzed with stepwise forward multiple regression analysis, besides BMI and albumin level. These correlations are shown in Table 6 . GNRI had significant correlations with CLI, age, total cholesterol, ABPI, triglyceride, sex (male), CRP, eGFR, and hypertension. tion, stroke, or TIA), and freedom from MACE plus limb events (MACLE: MACE, any repeat revascularization for a limb, and major amputation).
Statistical Analysis
Continuous variables were expressed as a median (interquartile range) and were compared by Wilcoxon's test. Categorical variables were expressed as a number (%) and were compared using the chi-squared test. The Kaplan-Meier method was used to determine the OS, MACE, and MACLE in the follow-up period. The hazard ratio (HR) and 95% confidence interval (CI) were calculated for individual factors in the Cox univariate analysis. Factors with p 0.05 in this analysis were used in multivariate Cox regression models to determine factors associated with endpoints. The C-index and Net Reclassification Index (NRI) were calculated to assess whether the accuracy of predicting these events would improve after adding the BMI, serum albumin level, or GNRI to a baseline model with established risk factors. Simple Pearson's correlations were calculated between the GNRI and risk factors other than the BMI and serum albumin level. Factors with p 0.05 in the analysis were evaluated using stepwise forward linear multiple regression analysis to examine the relationships among the risk factors and the GNRI. Statistical analyses were carried out using IBM SPSS Statistics ver. 25 .0 (IBM Corp., Armonk, NY, USA) and Microsoft R Open version 3.5.1 with additional packages, including Rcmdr, Epi, pROC, and PredictABEL (https://mran.revolutionanalytics.com/; Microsoft Corporation, Redmond, WA, USA). Individual differences were considered to be significant at p 0.05.
Results
Patient Characteristics and Causes of Death
Follow-up was possible for 1,219 out of the 1,234 subjects. The median and mean ages of the 1,219 patients were 73 (67-79) and 72.6 9.9 (range: 38 to 98) years, respectively. The median and mean follow-up periods were 58 (19-105) and 72.4 60.1 months, respectively. There were 626 deaths (51.4%) during the follow-up due to cardiac or major vascular disease (n 224, 35.8%), cerebrovascular disease (n 97, 15.5%), malignancy (n 125, 20.0%), pneumonia (n 91, 14.5%), and other causes (n 89, 14.2%). The prevalence of CVD-related deaths was 51.3% (n 321).
The baseline characteristics and comorbidities of patients according to the GNRI are shown in Table 1 . A total of 537 patients had GNRI of ≤ 98: G1, n 308; G2, n 164; and G3, n 65. Patients with lower MACLE in patients with PAD following endovascular therapy 19) . However, they did not report a relationship between GNRI and all-cause mortality. GNRI is an independent predictor for OS, and mortality is strongly correlated with ABPI, CLI, eGFR, CRP level, and GNRI. CLI and low ABPI are related to a higher five-year risk of a cardiovascular event 3, 20) , based on
Discussion
All-Cause Mortality
This is the first report on the relationships between GNRI and all-cause mortality in diverse patients with PAD. Yokoyama et al. reported that GNRI is an independent predictor of MACE and TIA: transient ischemic attack, eGFR: estimated glomerular filtration rate, LDL-C: low density lipoprotein cholesterol, HDL-C: high density lipoprotein cholesterol, ACE: angiotensin-converting enzyme, ARB: angiotensin receptor blocker simplified tool to assess the nutritional risk 8) and was also found to be an independent predictor of OS in patients with PAD in the current study. These consistent results suggest that patients with severe PAD and lower GNRI or lower eGFR have severe systemic atherosclerosis that leads to higher mortality. severe systemic atherosclerosis. Several studies suggested that CKD is a prognostic indicator of CVD 21, 22) , and cardiovascular mortality is 10-30 times higher in patients treated with hemodialysis than in the general population 21) . Malnutrition is also an independent risk factor for mortality, with several reports showing a correlation between malnutrition and mortality in patients with CVD 5, 6, 23) . GNRI was developed as a There was a significant difference between groups G0 (GNRI 98) and G1-G3 (GNRI ≤ 98) (p 0.001).
Therefore, our results suggest that screening for GNRI is important for nutritional management of patients with PAD.
GNRI as a Risk Predictor
Several nutritional indicators, including BMI, serum albumin, and total cholesterol, have been reported to predict survival in patients with CVD [5] [6] [7] . Comparisons of the validity of several nutritional tools suggested that GNRI is as useful as others for the assessment of nutritional risk 9, 19) . GNRI is also an established nutritional assessment tool for subjects sclerosis 3, 20) . We reported that DM is an independent risk factor for the progression of Fontaine stages 24) and MACE and MACLE in patients with PAD 7, 25) . In this study, a lower GNRI was also found to be an independent predictor for MACE or MACLE in diverse patients with PAD. CVDs are a major cause of MACE or MACLE, and malnutrition reflected by a lower GNRI might be responsible for MACE and MACLE. A recent study also showed that underweight patients with CLI have an extremely poor prognosis 26) , and GNRI was found to be a reliable predictive marker for amputation-free survival in patients with CLI 15) . addition to nutritional factors. The present study lacked data regarding serial changes in the nutritional status, so we could not determine any effect of this on the clinical outcome in patients with PAD. Nutritional intervention is usually difficult to perform strictly. In addition, the effectiveness of nutritional therapy for patients with PAD remains unclear. We showed that malnutrition and inflammation are common and are a risk factor for poor clinical outcomes in patients with PAD, suggesting the nutritional intervention to be a novel therapeutic target in the man-with CVD and those on hemodialysis [8] [9] [10] [11] 14) . Our study suggests that GNRI with dual evaluation of BMI and serum albumin may improve the diagnostic accuracy by overcoming the limitations of each parameter alone and may accurately predict OS, MACE, and MACLE in patients with PAD. Other than BMI and albumin level, GNRI has significant correlations with CLI, age, total cholesterol, ABPI, triglyceride, CRP, eGFR, and hypertension. These results showed that GNRI has correlations with the severity of PAD, inflammation, and CKD in Established risk factors included age, ankle brachial pressure index, critical limb ischemia, coronary heart disease, diabetes mellitus, estimated glomerular filtration rate, C-reactive protein, and use of statins. CI: confidence interval, BMI: body mass index, GNRI: geriatric nutrition risk index agement of patients with PAD.
Limitations
The limitations of this study were as follows. First, the sample sizes were relatively small and the study was performed at a single facility. Second, the prescription rate of statins was relatively low according to the guidelines at the time of treatment; this rate increased over time. Third, the life expectancy of patients with PAD was poor and the numbers in G3 and G2 were not enough to show full-length Kaplan-Meier curves. Therefore, we showed Kaplan-Meier estimates of OS, MACE, and MACLE according to the GNRI only for 10 years. Fourth, changes in lifestyle, including the nutritional status, during followup were not accounted for in this study. Therefore, we were unable to clarify the changes in BMI and serum albumin during the follow-up period. These issues require examination in further studies on life expectancy and fate of the leg in patients with PAD.
Conclusion
GNRI was found to be an independent predictor of OS, MACE, and MACLE in patients with PAD. This suggests that a simple and practical assessment of GNRI might be useful for predicting long-term outcomes in these patients.
